ABSTRACT We examined the ability of Þve isolates of Bacillus thuringiensis Berliner to cause mortality in adult stable ßies, Stomoxys calcitrans (L.). Isolates Bacillus thuringiensis tolworthi 4L3 (serotype 9), Bacillus thuringiensis darmstadiensis 4M1 (serotype 10a10b), Bacillus thuringiensis thompsoni 4O1 (serotype 12), Bacillus thuringiensis thuringiensis HD2 (serotype 1), and Bacillus thuringiensis kurstaki HD945 (serotype 3a3b3c) were administered to adult ßies in diets containing blood only, sugar only, and both sugar and blood combined. B. t. tolworthi 4L3 had no effect on adult mortality regardless of the feeding substrate. The remaining isolates tended to cause the greatest mortality when administered in blood alone. B. t. thompsoni 4O1 was the only isolate that consistently caused adult mortality when fed in blood at concentrations ranging from 0.21 to 50.0 g of protein per ml of blood. This isolate also caused mortality when applied topically. The time to 50% mortality declined with dose and reached a lower asymptote at Ϸ1.3 d at an oral dose of 8.75 g/ml and at a topical dose of 0.14 g per ßy.
Stable ßies, Stomoxys calcitrans (L.), are pests of conÞned cattle throughout much of North America. Adults rest on a variety of vertical surfaces (e.g., fences, walls, feed aprons) around the farm (Lysyk 1993) and feed on cattle when morning temperatures exceed 10 Ð11ЊC (Lysyk 1995) . The resulting irritation causes reductions in weight gains and feed efÞciency in feedlot and grazing cattle (Campbell et al. 1987 (Campbell et al. , 2001 ). Losses to the U.S. cattle industry have been estimated to exceed US$2 billion/yr (Taylor et al. 2012) . Control of adult ßies is limited to frequent spraying of the lower extremities of cattle, residual applications applied to resting sites around the farm and aerial spraying. Insecticidal applications are complicated by resistance, short duration of efÞcacy, and operational issues associated with treating large areas or numbers of cattle (Foil and Hogsette 1994) . Recently, observations on the sugar-feeding behavior of stable ßies and their attraction to fruits and ßowers has led to the suggestion that bait solutions incorporating oral toxins might be useful avenues for control (Mü ller et al. 2012) . This approach would depend on the availability of suitable oral toxins.
Bacillus thuringiensis Berliner is an environmentally friendly biopesticide with low mammalian toxicity that acts as an oral toxin. It is typically used for the control of immature stages of Lepidoptera and Diptera; however, there have been numerous reports of toxins from various strains affecting adult Diptera (Klowden and Bulla 1984 , Indrasith et al. 1992 , Robacker et al. 1996 , Omolo et al. 1997 , including stable ßy (Wilton and Klowden 1985) . Several reports have indicated activity against tick species as well (Zhioua et al. 1999 , Fernández-Ruvalcaba et al. 2010 . Recently, we have reported on several isolates that have activity against immature stable ßy (Lysyk et al. 2010, Lysyk and Selinger 2012) . Because these isolates have already shown activity against immature stable ßies, we conducted the current study to examine whether they had activity against adult stable ßy. We conducted an initial experiment to determine whether the diet (sugar, blood, or both) used as a substrate for dosing the adults inßuenced activity. We then used this diet to compare the activity of the different isolates across various doses. Finally, we conducted doseÐ response studies using the most active isolate applied both orally and topically to determine the speed of kill.
Materials and Methods
Insects. Newly-emerged (Ͻ24-h-old) stable ßy adults were used in all experiments. These were obtained from a laboratory colony that was maintained at Lethbridge Research Centre (Lethbridge, AB, Canada) by using previously described methods (Lysyk 1998) . Experiments were conducted using small assay cages similar to those described previously (Lysyk et al. 2002) . Cages were prepared from resealable plastic food containers (13 cm long by 11 cm wide by 10 cm high; Plastiques Cabano, Cabano, PQ, Canada). Access was provided through a piece of orthopedic stocking that was placed around the outside of the container and extended through an 11-by 9.5-cm hole cut in the lid. The lid held the stocking in place by pressure and was secured using a wire clip. Food was provided in small plastic dishes (2 by 2 cm) lined with gauze. Typically, food containing bacteria was supplied for 24 h, removed, and then replaced daily with untreated food. Dead ßies were removed and counted daily.
Bacteria. Experiments were conducted using Þve B. thuringiensis isolates that had previously shown activity against stable ßy larvae (Lysyk et al. 2010, Lysyk and Selinger 2012) . Isolates Bacillus thuringiensis thuringiensis HD2 (serotype 1) and Bacillus thuringiensis kurstaki HD945 (serotype 3a3b3c) were originally obtained from the USDAÐARS Culture Collection (National Center for Agricultural Utilization Research, Peoria, IL). Isolates Bacillus thuringiensis tolworthi 4L3 (serotype 9), Bacillus thuringiensis darmstadiensis 4M1 (serotype 10a10b), and Bacillus thuringiensis thompsoni 4O1 (serotype 12) were originally obtained from the Bacillus Genetic Stock Center (The Ohio State University, Columbus, OH). All isolates were individually cultured as described previously (Lysyk et al. 2010, Lysyk and Selinger 2012) in nutrient broth supplemented with MgSO 4 , CaCl 2 , MnCl 2 , and FeSO 4 . Protein content of the cultures was determined using the DC protein assay (Bio-Rad Laboratories, Hercules CA) with bovine serum albumen as the protein standard (Crespo et al. 2008) . Experiment 1. Effect of Diet on Oral Toxicity. This experiment was conducted to determine whether the diet (blood and sugar) used to deliver B. thuringiensis affected mortality caused by each of the isolates. Six diet treatments were prepared for each isolate, and each treatment was provided in a small plastic dish placed inside the cage for 24 h. Treatments included 1) sugar (10% fructose in water), 2) sugar ϩ B. thuringiensis (25.6 g protein/ml), 3) deÞbrinated bovine blood (3 parts blood, 1 part water), 4) blood ϩ B. thuringiensis (25.6 g protein/ml), 5) sugar ϩ blood, and 6) sugar ϩ B. thuringiensis (25.6 g protein/ml) and blood ϩ B. thuringiensis (25.6 g protein/ml). Sugar (Ϯ B. thuringiensis) and blood (Ϯ B. thuringiensis) were presented in separate dishes within a cage for the last two treatments. Thirty ßies (15 male ϩ 15 females) were placed in each cage, and dead ßies removed and counted daily for 4 d. The entire experiment was replicated three times. Percentage mortality was calculated for each cage, square-root transformed, and used in an initial analysis of variance (ANOVA) to determine whether mortality varied consistently among treatments and isolates. If a signiÞcant isolate ϫ treatment interaction was detected, separate ANOVAs were conducted for each isolate to determine treatment effects. Means were then separated using FisherÕs least signiÞcant difference (LSD) (PROC GLM, SAS Institute 2010).
Experiment 2. Response to Dose Among Isolates. This experiment was conducted to compare the activity of each isolate across different doses. Based on the results of experiment 1, stable ßies were fed each isolate of B. thuringiensis mixed with blood at doses of 0, 0.21, 0.8, 2.4, 6.7, and 50.0 g protein/ml blood. These doses were selected to provide a range of doses that were lower than used in experiment 1, as well as one dose that was nearly twice as great as the dose used in experiment 1. Three cages of 30 adult female stable ßies per cage were established for each dose. Flies were exposed to treated blood for 24 h, and then the blood was replaced daily with clean blood. Cages were examined daily for 9 d, and dead ßies removed and counted. Data were analyzed using CoxÕs proportional hazards regression (PROC PHREG, SAS Institute 2010) stratiÞed among replicates to determine whether mortality over time was inßuenced by a set of independent variables. Initially, isolates and doses were treated as categorical variables, and the isolate ϫ dose interaction was tested. The analysis was then conducted separately for each isolate using dose as a categorical variable. Proportional hazards regression estimates a set of parameters (␤ i ) that indicate the risk of death for each dose relative to the risk of death for the untreated controls. Negative estimates of ␤ indicate that the risk of death in the treated group is less than the control, whereas positive estimates of ␤ indicate the risk of death for the treated groups is greater than that of the control. These parameters are used to estimate hazard ratios as HR ϭ exp(␤) that are interpreted as how much more likely it is for death to occur in the treated group relative to the control group. HR ratios Ͼ1 indicate a greater risk of death, and HRs Ͻ1 indicate a reduced risk of death. Examination of the proportional hazards regression results was a two-step procedure. Examination of the model 2 indicated whether differences in HRs relative to the control group existed among doses, whereas examination of the individual 2 statistics for each dose indicates whether the HR relative to the control was greater than unity.
Experiment 3. Oral Toxicity of Isolate B. t. thompsoni 4O1. The relationship between dose and mortality was further examined for isolate B. t. thompsoni 4O1as this isolate showed the greatest effect on mortality in the preceding experiments. This experiment was conducted as a series of four trials. Each trial had a total of 30 cages of 10 male and 10 female stable ßies. Five cages received untreated blood and served as controls. Five cages each received blood with one of Þve concentrations of B. t. thompsoni 4O1. In the Þrst two trials, doses of 0, 70, 139, 273, 551, and 1096 g/ml blood were used. This was reduced to 0, 35, 70, 139, 273, and 551 g/ml blood in the third trial and to 0, 4, 9, 17, 35, and 70 g/ml blood in the fourth trial. In all, 120 cages were evaluated with 10 distinct doses, including untreated controls. As before, ßies were exposed to B. t.--treated blood for the Þrst 24 h and clean blood thereafter. Cages were examined daily until all ßies died. Dead ßies were removed daily, sexed, and counted. Proportional hazards regression (PROC PHREG, SAS Institute 2010) stratiÞed by trial was used to determine whether mortality varied among sex and dose and whether there was a signiÞcant sex ϫ dose interaction. HRs were initially estimated for each dose; however, a second model was Þt treating dose as a continuous variable. The time to 50% mortality, T 50 , was calculated for each cage, and the relationship with dose (X) Þt to the model T 50 ϭ a ϩ b*exp(Ϫc*X) using nonlinear regression ( Systat Software, Inc. 2009 In the Þrst trial, doses used were 0, 1.1, 2.2, 4.4, 6.6, and 8.8 g protein per ßy. Doses were reduced in the second trial to 0.0, 0.14, 0.28 0.55, 1.1, and 2.2 g protein per ßy. In the third trial, doses of 0.0, 0.017, 0.035, 0.07, 0.14, and 0.28 g protein per ßy were used, and the fourth trial included doses of 0.0, 0.0011, 0.0022, 0.0044, 0.0088, and 0.017 g protein per ßy. Cages were examined daily, dead ßies removed and counted, and fresh blood added. Data were analyzed in a similar manner as described for experiment 3.
Results
Experiment 1. Effect of Diet on Oral Toxicity. Mortality of ßies fed the control diets (sugar, blood, sugar ϩ blood) was low during the 4 d of the study, and never exceeded an average of 3.3% for any isolate (range, 0 Ð 6.7%) ( Table 1) . Mortality varied among isolates (F ϭ 22.5; df ϭ 4, 58; P Ͻ 0.0001) and treatments (F ϭ 80.8; df ϭ 5, 58; P Ͻ 0.0001); however, the signiÞcant isolate ϫ treatment interaction (F ϭ 9.5; df ϭ 20, 58; P Ͻ 0.0001) indicated that the response to treatments was not consistent among isolates. Further analyses were therefore conducted separately for each isolate.
B. t. tolworthi 4L3 was the only isolate that had no effect on adult mortality (Table 1) . Addition of B. t. tolworthi 4L3 to any diet did not result in any measurable increase in mortality relative to the appropriate control. Isolate B. t. darmstadiensis 4M1 signiÞ-cantly increased mortality by 13Ð16% when added to the sugar and sugar ϩ blood diets, and by 35% when added to blood alone (Table 1) . B. t. thompsoni 4O1 had no effect on mortality when added to the sugar diet, but it increased mortality by 96.7 and 64.4% when added to the blood and sugar ϩ blood diets respectively. B. t. thuringiensis HD2 also had no effect on mortality when added to the sugar diet, but it increased mortality by 41Ð 43% when added to the blood and sugar ϩ blood diets. B. t. kurstaki HD945 did not cause increased mortality when added to the sugar diet but resulted in 30 and 8% greater mortality when added to the blood and sugar ϩ blood diets, respectively.
Experiment 2. Response to Dose Among Isolates. Stable ßy mortality in the control groups after nine days averaged (mean Ϯ SE) 13.3 Ϯ 3.8, 13.3 Ϯ 0.0, 20.0 Ϯ 1.9, 33.3 Ϯ 5.1, and 20.0 Ϯ 5.1% for isolates B. t. tolworthi 4L3, B .t. darmstadiensis 4M1, B. t. thompsoni 4O1, B. t. thuringiensis HD2, and B. t. kurstaki HD945, respectively. Cumulative mortality in the control groups increased with time initially but tended to level off after 4 Ð 6 d (Fig. 1) . Initial analysis indicated that the risk of mortality varied among isolates ( 2 ϭ 14.9, df ϭ 4, P Ͻ 0.005) and doses ( 2 ϭ 219.4, df ϭ 5, P Ͻ 0.0001), with a signiÞcant isolate ϫ dose interaction ( 2 ϭ 209.6, df ϭ 20, P Ͻ 0.0001). This indicates the effect of dose was not consistent among isolates; therefore, separate analyses were conducted for each isolate.
The results of the proportional hazards regression analysis for each isolate are summarized in Degrees of freedom for F-tests were 5, 10. Numbers within columns followed by different letters are signiÞcantly different at P ϭ 0.05 using FisherÕs LSD.
individual HRs for the doses were signiÞcantly Ͼ1 for either isolate, indicating that feeding these isolates did not increase the risk of mortality relative to the control. HRs were signiÞcantly Ͻ1 for the 6.7 g/ml dose of B. t. tolworthi 4L3 and for the 0.2 g/ml dose of B. t. kurstaki HD945, indicating that the risk of mortality was greater in the control compared with the particular treatment.
Proportional hazards regression indicated that the hazard of mortality caused by B. t. darmstadiensis 4M1 varied among doses and that the risk of mortality as measured by the HR was less than that of the controls at the lowest dose, similar to that of the controls at the intermediate doses, and greater than that of the controls at the highest dose. Cumulative mortality reached 3.3 Ϯ 1.9% at the lowest dose, ranged from 11.1 Ϯ 4.4 to 16.7 Ϯ 3.3% at the intermediate doses, and reached 48.9 Ϯ 2.9% at the greatest dose.
Flies fed B. t. thompsoni 4O1 showed increasing levels of mortality with increasing doses, with most mortality occurring within the Þrst 3 d (Fig. 1) . Cumulative mortality ranged from 71.1 Ϯ 6.2 to 100.0 Ϯ 0.0% across doses. Proportional hazards regression indicated that the HRs varied signiÞcantly among doses and that all HRs were Ͼ1 across doses. The magnitude of the HRs increased with increasing doses (Table 2 ). The magnitude of the increase was estimated using log(dose) as a continuous variable in the regression. The resulting estimate was ␤ ϭ 0.26 Ϯ 0.03 ( 2 ϭ 81.1, df ϭ 1, P Ͻ 0.0001), and the HR increased by 1.3 (95% CI ϭ 1.2, 1.4) for every unit increase in log(dose).
Mortality of stable ßies fed B. t. thuringiensis HD2 varied among doses (Table 2) . Percentage mortality ranged from 34.4 Ϯ 9.9 to 50.8 Ϯ 13.9% at the three lowest doses; however, none of these doses had mortality signiÞcantly different from the controls. Mortality at two highest doses averaged 22.2 Ϯ 2.2 and ␤ i is an estimate of the risk of death for each dose relative to the risk of death for the untreated controls. HR ϭ exp(␤) and is the hazard ratio, an estimate of how much more likely it is for death to occur in the treated group relative to the control group. HR ratios Ͼ1 indicate a greater risk of death, and hazard ratios Ͻ1 indicate a reduced risk of death. Numbers in parentheses are 95% CI.
Fig. 1. Mortality of stable ßy adults fed various doses (micrograms of protein per milliliter of blood) of B. t. tolworthi 4L3 (A), B. t. darmstadiensis 4M1 (B), B. t. thompsoni 4O1 (C), B. t. thuringiensis HD2 (D), and B. t. kurstaki HD945 (E).
ns denotes P Ͼ 0.05; *, P Ͻ 0.05; and **, P Ͻ 0.01. 8.9 Ϯ 2.2%, and the HRs indicated these were significantly less than for the control insects. Experiment 3. Oral Toxicity of Isolate B. t. thompsoni 4O1. Proportional hazards regression indicated that survival was similar between sexes ( 2 ϭ 1.9, df ϭ 1, P ϭ 0.33) but varied among doses ( 2 ϭ 321.3, df ϭ 9, P Ͻ 0.0001). The sex ϫ dose interaction was marginally signiÞcant ( 2 ϭ 17.0, df ϭ 9, P ϭ 0.05) but was not considered strong enough to warrant more detailed examination; therefore, mortality was examined for both sexes combined. Mortality in the control groups exceeded 50% after 7 d and 95% after 13 d. (Fig.  2A) . Mortality in the treated groups on day 1 ranged from 35 to 55% at doses Յ272.3 g/ml and exceeded 60% at doses Ն550 g/ml. Mortality was Ͼ70% after 2 d for all doses. Mortality 4 d after application ranged from 78 to 87% at doses Յ69.6 g/ml and was Ͼ92% at doses Ն139 g/ml. The time to 50% mortality sharply declined with increasing dose and was 18% that of the control at a dose of 4 g/ml. The regression model using data from the current experiment Þt the data well (r 2 ϭ 0.86); however, predictions were inconsistent with results from experiment 2 and tended to overestimate T 50 at doses Ͻ2.4 g/ml (Fig. 2B) . Including data from experiment 2 resulted in a model with similar goodness-of-Þt but were in closer agreement to observations in experiment 2.
HRs relative to the controls were consistently Ͼ1, indicating the risk of mortality in each treated group was greater than in the control group. Furthermore, the HRs increased from 3.2 to 6.8 as dose increased and seemed to show a relationship with log(dose) (Fig.  2C ). The slope (␤ Ϯ SE) of this relationship was estimated as 0.21 Ϯ 0.01 ( 2 ϭ 349.8, df ϭ 1, P Ͻ 0.0001), indicating the HR relative to controls increased 1.23 (95% CI ϭ 1.21, 1.26) fold for every unit increase in log(dose).
Experiment 4. Topical Activity for Isolate B. t. thompsoni 4O1. The patterns of mortality after topical application with B. t. thompsoni 4O1 were independent of sex ( 2 Ͻ 0.01, df ϭ 1, P ϭ 0.95) but were strongly inßuenced by dose ( 2 ϭ 276.8, df ϭ 15, P Ͻ 0.0001), with no signiÞcant sex ϫ dose interaction ( 2 ϭ 13.2, df ϭ 15, P ϭ 0.59). Mortality in the control groups reached 50% by day 7 and reached 95% by day 15 (Fig. 3A) . In the treated groups, mortality on day 1 ranged from 7 to 23% at doses Յ0.07 g per ßy, from 37 to 51% at doses ranging from 0.14 to 0.55 g per ßy, and 63Ð71% at doses Ն1.0 g per ßy. On day 2, mortality exceeded 75% for all doses Ն0.14 g per ßy compared with 6% mortality in the controls. Mortality on day 4 ranged from 29 to 70% at doses Յ0.0175 g per ßy, from 80 to 89% at doses between 0.035 and 0.14 g per ßy, and was Ͼ90% at doses Ͼ0.28 g per ßy. The time to 50% mortality decreased with increasing doses (Fig. 3B) , and the regression Þt the data well (r 2 ϭ 0.61). The T 50 at 0.009 g per ßy was Ϸ50% of that of the controls, and T 50 at 0.28 g per ßy was 15% of the controls.
HRs relative to the control group were typically Յ1.9 for the three lowest doses. The HR for 0.004 g per ßy was the only HR that did not vary signiÞcantly from 0. HRs ranged from 2.3 to 8.1 as doses increased from 0.009 to 8.8 g per ßy. The slope (␤ Ϯ SE) of the relationship was 0.12 Ϯ 0.01 ( 2 ϭ 420.9, df ϭ 1, P Ͻ 0.0001), indicating that HRs increased 1.13 (95% CI ϭ 1.21, 1.26) fold for every unit increase in log(dose).
Discussion
Only a single isolate, B. t. tolworthi 4L3, had no effect on adult stable ßy mortality when added to any of the diets in experiment 1. Adding isolates B .t. darmstadiensis 4M1, B. t. thompsoni 4O1, B. t. thuringiensis HD2, and B. t. kurstaki HD945 to a blood diet Open circles are from experiment 2; closed circles are from experiment 3. Solid line is regression using data from experiment 3 only (see Table 3 ). Dashed line is regression using data from experiments 2 and 3 (see Table 3 ). (C) HRs (Ϯ95% CI) for stable ßies fed various doses of B. t. thompsoni 4O1. Horizontal dashed line is unity.
resulted in enhanced mortality compared with both the blood control and sugar ϩ B. thuringiensis diets. This was a clear result consistent across these four isolates and likely occurs because B. thuringiensis requires digestion by proteolytic midgut enzymes to convert it from an inactive protoxin to an activated toxin. Proteolytic enzymes are secreted in the stable ßy midgut after a bloodmeal (Schneider et al. 1987) but not a sucrose meal (Champlain and Fisk 1956 ) and likely are responsible for activating the toxin. Only B. t. darmstadiensis 4M1 caused increased mortality when added to the sugar diet, perhaps reßecting different toxin compositions of the isolates.
Presenting B. thuringiensis simultaneously in sugar and blood diets still increased mortality relative to the controls, but this mortality was either not as great as was seen with blood alone (B. t. darmstadiensis 4M1, B. t. thompsoni 4O1, B. thuringiensis and B. t. kurstaki HD945) or similar to what seen with blood alone (B. t. thuringiensis HD2). This may reßect feeding preferences of the ßies more than differences among isolates as ßies that feed on sucrose Þrst tend to subsequently limit blood ingestion (Jones et al. 1992) and would obtain less of a toxic dose or secrete fewer proteolytic enzymes, resulting in less activation. Regardless, results clearly showed that stable ßies fed B. t. mixed in blood exhibited the greatest mortality; therefore, we used this method for orally delivering B. thuringiensis in subsequent work.
The second experiment was conducted to compare effects of dose on mortality across the various isolates. The range of doses included several that were lower than used in the Þrst experiment, and one that was double. B. t. tolworthi 4L3 failed to show any activity, even at the greatest dose. Although moderate activity was demonstrated by B. t. thuringiensis HD2 and B. t. kurstaki HD945 at the dose used in experiment 1, neither showed any positive effect on mortality at the 50-g/ml dose in experiment 2. This indicates that the effects on adult mortality by these isolates are inconsistent. It is not unusual for isolates that show activity against larvae to fail to have activity against adults of the same species (Robacker et al. 1996 , Alberola et al. 1999 . B. t darmstadiensis 4M1 had a signiÞcant effect on mortality in experiment 1 and also at the greatest dose in experiment 2. This isolate has demonstrated activity against other adult Diptera (Robacker et al. 1996 , Martinez et al. 1997 ; however, its effects were relatively minor compared with those of B. t. thompsoni 4O1.
Mortality caused by B. t. thompsoni 4O1 occurred rapidly at all doses for both the oral and topical applications, and speed of kill increased with dose. This also was observed for house ßies fed different doses of activated and unactivated toxin from other isolates (Indrasith et al. 1992) . Mortality caused by the topical application likely resulted from ßies ingesting bacteria during grooming. The T 50 reached 1.3 d at an oral dose of 8.75 g/ml and at a topical dose of 0.14 g per ßy, and remained relatively stable at greater doses. Toxicity at the higher doses is probably limited by the number of receptor sites available in the ßy midgut. Mortality at 4 d exceeded 80% at oral doses Ն8.75 g/ml and topical doses Ն0.35 g per ßy. Because the preoviposition time of stable ßies is Ͼ4 d at 25ЊC (Lysyk 1998) , the rapid mortality induced by these relatively low doses would serve to reduce egg production and limit second feedings.
We did not directly feed the B. thuringiensis to the stable ßies, so the results may have been inßuenced by the amount of blood stable ßies ingest in a day. We used starved ßies to ensure feeding. Stable ßies ingest from 10 to 20 l of blood per day, so the doses used in our oral trials could be adjusted accordingly to deduce the amount of B. thuringiensis ingested. Although it is not possible to directly determine how much B. thuringiensis the ßies will ingest through grooming after topical application, we did attempt to infer this using the equations in Table 3 . Values of T 50 ϭ 1.3, 2.0, and 4.0 d were calculated from oral doses of 0.6569, 0.3653, and 0.1490 g/ml by using values in Table 3 (oral experiments 2 ϩ 3). These same values of T 50 would be obtained from topical doses of 0.0412, 0.0240, and 0.0090 g per ßy. Assuming that stable ßies ingest 10 l of blood in a day, the oral doses would represent 0.0066, 0.0037, and 0.0015 g of B. thuringiensis ingested. These values are Ϸ15Ð17% of the topical doses associated with each value of T 50 , suggesting the ßies groomed and ingested approximately one sixth of the bacteria topically applied. If we assume the ßies ingested 20 l of blood in a day, the oral doses would have represented 30 Ð34% of the topical doses, suggesting the ßies groomed and ingested about one third of the bacteria applied topically. Regardless, the amount of bacteria estimated to be ingested in the oral feeding trials to produce a speciÞc value for T 50 was considerably lower than the amount topically applied. This is consistent with the interpretation that mortality in the topically treated ßies was due to ßies ingesting bacteria while grooming.
Overall, these results indicate that B. t. thompsoni 4O1 has activity against adult stable ßies. Results suggest that relatively small amounts of toxin can cause mortality if ingested by adult stable ßies, but that the toxin must be ingested with a protein meal to cause activity. The greatest potential may be in a proteinbased bait formulation because the activity was limited if delivered in sugar solutions, however, this bait would have to effectively compete with cattle as a food source. Spray or mist applications may also be effective and should be examined under Þeld conditions. Although these experiments were conducted using stable ßies as a model, developing such baits for house ßies may have more potential because this species does not directly feed on cattle, but it will feed on protein baits. 
